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EXAMPLE 22 

To a mixture of 40 ml. of C.HC1 and 100 ml. of water 
is dissolved under ice-cooling 8.8 g. of ethyl 
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10 ml. of methanol is bubbled gaseous hydrochloric acid 
for 10 minutes under ice-cooling, and the mixture is kept 
standing at room temperature for 1 hour. After evapo- 
ration of methanol is added 40 ml. of 50% aq. methanol 
to the residue and stirred for 1 hour. To this reaction 
mixture is added 1.0 g. of NaOH and stirred for 1 hour. 
Methanol is removed under reduced pressure and the 
residue is extracted with ethyl acetate after being made 
acidic with N-HC1. Ethyl acetate layer is washed with 
water and dried. Ethyl acetate is removed under re- 
duced pressure to obtain a-hydroxy-[2-(/3,/3,/3-tri- 
chIoroethoxycarbonyl)amino]thiazol-4-yl acetic acid. 
0.996 g. Melting point: 135°-136° C. 

Analysis-Calcd. for C8H7O5N2SCI3: C, 27.48; H 2.02; 
N, 8.01. Found: C, 27.72; H, 2.05; N, 8.08. 

NMR(ppm, 100 MHz, CDCI3): 

4.90(2H,s,Cl 3 CCH 2 — ), 5.40(lH,s, >CH-CGOH), 
7.10(lH,s,5-H). 

EXAMPLE 19 

To a solution of 21.43 g. of ethyl a-ethoxyimino-/3- 
oxo-y-bromobutyrate in 80 ml. of ethanol is added 8.81 
g. of methylthionocarbamate and the mixture is heated 

under reflux for 1.5 hours. After cooling ethanol is 25 poured into 10 ml. of water! The water layer is neutral- 
removed under reduced pressure and the oily residue is ized with 10% aq. NaHC03 and then extracted with 
dissolved in chloroform. The chloroform solution is ethyl acetate. The extract is washed with water and 
washed, dried, and condensed. The condensate is puri- dehydrated. The ethyl acetate is distilled off and the 
fied by silica gel chromatography to give 11.9 g. of resultant oil is purified by silica gel chromatography to 
ethyl a-ethoxyimino-(2-hydroxythiazol-4-yl)acetate. 30 give ethyl 2-hydroxythiazol-4-ylglycine. 
Melting point: 54°-55° C. NMR(ppm, 100 MHz, CDCI3): 1.22(3H,t,-CH2CH 3 ), 

Analysis-Calcd. for C9H12O4N2S: C, 44.25; H, 4.95; 4.27(2H,q,-CH2CH 3 ), 4.65(lH,s, > CH-COOC2H5), 

N, 11.47. Found: C, 44.45; H, 5.04; N, 11.53. NMR(ppm, 7.14(lH,s,5-H). 

100 MHz, CDCI3): 6.33(lH,s,5-H). The ester is acylated with ^,^-trichloro ethyl chlo- 

35 roformate in CH2CI2U1 the presence of triethylamine to 
give ethyl a-(/?,/3,/^trichloroethoxycarbonylamino)-(2- 



Page 1 of 13 



20 



oxyimino-(2-aminothiazol-4-yl)acetate. A solution of 
2.8 g. of NaNO2in20ml. of water is added dropwise to 
this solution in a period of 20 minutes. After being 
stirred for 2.5 hours under ice-cooling the reaction 
mixture is extracted with 200 ml. of ethyl acetate. The 
extract is washed with water and dehydrated. The ethyl 
acetate is distilled off and the resultant oil is purified by 
silica gel chromatography to give ethyl a-oxyimino-(2- 
hydroxythiazol-4-yl)-acetate. 

NMR(ppm, 100 MHz, CDC1 3 ): 1.37(3H,t,CH 2 CH3), 
4.36(2H,q,CH_ 2 CH3), 8.02(lH,s,5-H). 

EXAMPLE 23 

To a solution of 1.3 g. of ethyl a-oxyimino-(2-hydrox- 
ythiazol-4-yl)acetate in 5 ml. of ethanol is added under 
ice-cooling 30 ml. of 50% aq. formic acid. Zinc dust 
(1.17 g.) is added gradually to this solution in a. period of 
5 minutes under stirring. The reaction mixture is stirred 
for 2 hours under ice-cooling and filtered. The filtrate is 
condensed under reduced pressure arid the residue is 
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To a solution of 10 g. of ethyl a-ethoxyimino-(2- 
hydroxythiazol-4-yl)acetate in 30 ml. of ethanol is 
added a solution of 1 1.47 -g. of KOH in 50 ml. of water 
at room temperature and the mixture is stirred for 25 40 
minutes. The reaction mixture is condensed under re- 
duced pressure and is made acidic with 10% aq.HCl. 
Ethyl acetate extract of the reaction mixture is ex- 
tracted with 10% aq.NaHCD3. The aqueous layer is 
then made acidic with 10% aq. HO and extracted again 
with ethyl acetate. From the ethyl acetate extract, after 
being washed, dried and condensed is obtained a crys- 
talline substance. Recry stallization from benzene- 
ethanol gives a-ethoxyimino-(2Thydroxythiazol-4-yl)a- 
cetic acid. 7.5 g. Melting point: 131.5° C. (dec). 

Analysis-Calcd, for C7H8O4N2S: C, 38.88; H, 3.72; N, 
12.95, Found: C, 38.65; H, 3.85; N, 13.06. NMR(ppm, 
100 MHz, de-DMSO): 6.64(lH,s,5-H). 
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EXAMPLE 21 

To a mixture of 1 g, of a-ethoxyimino-(2-hydroxy- 
thiazol-4-yl)acetic acid, 10 ml. of 50% aq. formic acid 
and 5 ml. of methanol is added gradually 0.9 g. of zinc 



55 



hydroxythiazol-4-yl)acetatei 

Analysis-Calcd. for C10H11O5N2SCI3: N, 7.41; 
Found: N, 7.39 NMR(ppm, 100 MHz, CDCI3): 
1.26(3H,t,-CH 2 CH3), 4.22(2H,q,-CH2CH 3 ), 

4.70(2H,s,Cl3CCH 2 ), 5.42(lH,d, > CH-COOC2H5), 
7.24(lH,s,5-H). 

EXAMPLE 24 

To a solution of 1.93 g, of ethyl a-oxyimino-/3-oxo-y- 
chlorobutyrate in 10 ml. of ethanol is added 1.27 g. of 
ethylthionocarbamate and the mixture is heated for 2 
hours under reflux. After cooling ethanol is evaporated 
then the remaining oily substance is purified by means 
of silica gel chromatography to give ethyl a-oxyimino- 
(2-hydroxythiazol-4-yl)acetate. The ester is identical 
with the substance obtained in Example 22 in all re- 
spects. 

EXAMPLE 25 

To a solution of 2.65 g. of ethyl a-acetamido-/3-oxo- 
y-bromobutyrate in 10 ml. of ethanol is added 1.09 g. of 
methylthionocarbamate. The mixture is heated for 1.5 
hours under reflux and concentrated under reduced 



dust under ice-cooling. The mixture is stirred for 1 hour 60 pressure. The concentrate is dissolved in chloroform. 



at this state and then for 30 minutes at room tempera- 
ture. The reaction mixture is filtered and the filtrate is 
passed through a column packed with ion-exchange 
resin (Amberlite IR- 120(H) to give purified 2-hydroxy- 
thiazol-4-ylglycine. 

Analysis-Calcd. for C5H6O3N2S: N, 16.08. Found: N, 
15.96 NMR(ppm, 100 MHz, CF3COOD): 5.56(lH,s, 
>CH-COOH), 6.91 (lH,s,5-H). 



65 



The chloroform layer is washed, dried and concen- 
trated to give ethyl a-acetamido-(2-hydroxythiazol-4- 
yl)acetate as oily material. This ester (2.0 g.) is dissolved 
in 10 ml. of methanol and to this is added a solution of 
3.09 g. of Ba(OH)2.8H 2 in 50 ml. of water and the 
whole mixture is stirred at 70° C. for 3 hours. After 
cooling, gaseous CO2 is bubbled onto the reaction mix- 
ture to cause precipitation of BaCC^.BaCOj thus pre- 
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cipitated is filtered off and the filtrate is passed through 
a column packed with ion-exchange resin [Amberlite 
IR- 120(H)] to give purified 2-hydroxythiazol-4-ylgly- 
cine. This substance is identical with the sample ob- 
tained in Example 21 in all respects. 5 

EXAMPLE 26 

To a solution of 2.2 g. of ethyl a-methoxyimino-/?- 
oxo-y-bromobutyrate in 40 ml. of ethanol are added 
1.22 g. of dimethylaniline and 2.2 g. of N-C3,£,/3-tri- 10 
chloroethoxycarbonyl)thiourea. The mixture is heated 
for 1.5 hours under reflux and concentrated under re- 
duced pressure. The concentrate of the reaction mixture 
is recrystallized from ligroin to give ethyl a-methox- _ 
yimino-[2-(/3,£,/3-trichloroethoxycarbonylamino)- 
thiazol-4-yl]acetate as crystals. 1.84 g. Melting point: 
125°-128° C. 

Analysis-Calcd. for C11H12O5N3SCI3: C, 32.65; H, 
2.99; N, 10.38. Found: C, 32.81; H, 3.14; N, 10.19. 20 
NMR(ppm, 100 MHz, CDCI3): 7.15(lH,s,5-H). 

EXAMPLE 27 

To a solution of 8. 1 g. of ethyl a-methoxyimino-[2- 
(/3,/3,^trichloroethoxycarbonylamino)thiazol-4-yl]ace- 25 
tate in 50 ml. of ethanol is added a solution of 1 1.2 g. of 
KOH in a mixture of 30 ml. of water and 150 ml, of 
ethanol. The whole mixture is stirred at room tempera- 
ture for 1 hour, and then concentrated under reduced 
pressure. The residue is extracted with ethyl acetate. 30 
The water layer is made acidic with 10% aq. HC1 and 
the separated solid is collected. Recrystallization of the 
solid from aq. methanol gives a-methoxyimino-[2- 
(/?,/3,^trichloroethoxycarbonylamino)thiazol-4-yl]a- 
cetic acid. 4.1 g. Melting point: 162M63 C. 35 

Analysis-Calcd. for C9H8O5N3SCI6: C, 28.70; H, 
2.14; N, 11.16. Found: C, 28.64; H, 2.11; N, 11.06 NMR 
(ppm, 100 MHz, CDCl 3 + d 6 -DMSO): 7.26(lH,s,5-H). 
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Ethyl a-methoxyimino-[2-(/?,/3,/J-trichloroethox- 
ycarbonylamino)thiazol-4-yl]acetate (2.02 g.) dissolved 
in 150 ml. of ethanol containing 10% HC1 is hydroge- 
nated in the presence of 2.0 g. of 5% Pd/carbon. After 
240 ml. of hydrogen is absorbed, the reaction mixture is 
filtered arid the filtrate is condensed under reduced 
pressure. The residue is washed with ether and sus- 
pended in 70 ml. of ethyl acetate followed by the addi- 
tion of 20 ml. of 5% aq. NaHCC>3. The ethyl acetate 
layer is separated, washed, dried and condensed to give 
[2-(/3,/3,/3-trichloroethoxycarbonylamino)thiazol-4- 
yl]glycine ethy.ester. 1.22 g. 

Analysis-Calcd. for C10H12O4N3SCI3: C, 31.89; H, 
3.21; N, 11.16. Found: C, 31.91; H, 3.00; N, 10.63 55 
NMR(ppm, 100 MHz, CF3COOD): 5.82(lH,s, >CH- 
COOC2H5), 7.74(lH,s,5-H). 

EXAMPLE 29 

(1) A solution of 19.3 g. of ethyl a-oxyimino-/3-oxo-y- g 
chlorobutyrate and 8.0 g. of thiourea in 200 ml. of etha- 
nol is heated for 2 hours under reflux. The mixture is 
condensed under reduced pressure and the residue is 
dissolved in 10% aq. HC1. The solution is washed twice 
with ether to remove unreacted butyrate and is adjusted 65 
to pH 7.0-7.5 with NaHC0 3 .Chloroform extraction of 
the mixture gives ethyl a-oxyimino-2-aminothiazol-4- 
ylacetate. 6.4 g. Melting point: 137°-138° C. (dec). 



Analysis-Calcd. for C7H9O3N3S: C, 39.06; H, 4.21; N, 
19.52. Found: C, 39.64; H. 4.09; N, 19.62. IR(Nujol, 
cm- 1 ): 3430(C=NOH), 1710(ester) 

(2) Ethyl a-oxyimino-2-aminothiazol-4-acetate (2.15 
g.) obtained in the foregoing part is dissolved in a mix- 
ture of 20 ml. of 50% aq. formic acid and 10 ml. of 
methanol. To this is added 1.5 g. of zinc dust and the 
mixture is stirred for 3 hours under ice-cooling. The 
filtered reaction mixture is condensed under reduced 
pressure and the concentrate is passed through a col- 
umn packed with ionexchange resin [Amberlite IR- 
120(H)]. The column is washed with water to remove 
formic acid and then is eluted with 10% aq. ammonia to 
give 2-aminothiazol-4-yl-glycine. 1.49 g. Recrystalliza- 
tion from aq. ethanol gives pure sample; Melting point: 
186M90 C.(dec). 

Analysis-Calcd. for CseHvC^S.^O: C, 32.96; H, 
4.43; N, 23.06, Found: C, 32.94; H, 4.61; N, 22.22 

NMR(ppm, 100 MHz, CF3COOD): 5.25 (lH,s, 
>CH-COOH), 6.75 (lH,s,5-H). 

Violet color with Ninhydrin reagent. 

EXAMPLE 30 

A solution of 19.3 g. of thiourea and 53.5 g. of ethyl 
a-oxyimino-/?-oxo-y-chlorobutyrate in 300 ml. of etha- 
nol is stirred for 3 hours at room temperature, and con- 
densed under reduced pressure. Water (200 ml) is added 
to the residue and the obtained aqueous solution is 
washed twice with ether. To this are added 130 ml. of 
85% aq. formic acid and 150 ml. of ethanol. Under 
ice-cooling 37 g. of zinc dust is added gradually to this 
mixture and stirred for 3 hours at room temperature. 

The filtered reaction mixture is passed through a 
column packed with ion-exchange resin [Amberlite 
IR-120(H)]. The column is washed with water and 
eluted with 10% aq. ammonia to give purified 2-amino- 
thiazol-4-ylglycine (27.5 g.) which is identical with the 
sample obtained in Example 29 in all respects. 

EXAMPLE 31 

Ethyl a-oxyimino-2-aminothiazol-4-ylacetate hydro- 
chloride (503 mg.) is dissolved in 10 ml. of 50% aq.for- 
mic acid and 5 ml. of ethanol. Zinc dust (300 mg.) is 
added to this solution under ice-cooling and stirred for 
3 hours. The reaction mixture is condensed under re- 
duced pressure below 30° C, and the residue is made 
pH 7.5 by adding 1 N-NaOH. Ethyl acetate extraction 
gives 2-aminothiazol-4-ylglycine ethyl ester. 130 mg. 

NMR(ppm, 60. MHz, CF3COOD): 1.04(3H,t,- 
CH2CH3), 4.18(2H,q,-CH2CH 3 ), 5.35(lH,s, >CH- 
COOC2H5), 6.90(lH,s,5-H). Mass: m/e 

201,0549(theoretical: 201,0571) 

EXAMPLE 32 

To a solution of 26.6 g. of ethyl ct-acetamido-/3-oxo- 
y-bromobutyrate in a mixture of 50 ml. of ethanol and 
20 ml. of ether are added 9.14 g. of thiourea and 15 ml. 
of pyridine. The mixture is stirred for 1 hour at room 
temperature and then 4 hours under reflux. The reaction 
mixture is condensed under reduced pressure and 50 ml. 
of ethyl acetate is added to the residue. The mixture is 
extracted with 3 N-HC1. The water layer thus separated 
is made pH 10 by adding 1 N-NaOH and extracted with 
ethyl acetate. 

The ethyl acetate extract is washed, dried and con- 
densed. To this concentrate is added small quantity of 
chloroform to cause crystallization of ethyl a- 
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acetamido-2-aminothiazol-4-ylacetate. 7.0 g. Melting 
point: 161.1° C, 

Analysis-Calcd. for C9H13O3N3S: C, 44.43; H, 5.39; 
N, 17.27. Found: C, 44.46; H, 5.24; N, 16.99 

EXAMPLE 33 

To a solution of 34.6 g. of ethyl a-acetamido-/3-oxo- 
y-promobutyrate in a mixture of 50 ml. of ethanol and 
20 ml. of ether are added 18.9 g. of N-acetylthiourea 
and 15 ml. of pyridine. The mixture is heated under 
reflux for 4 hours, and condensed under reduced pres- 
sure. The condensate is extracted with ethyl acetate and 
the extract is washed with 5% aq. NaHCC>3, then with 
water, and dried. The oily substance which is obtained 
from the extract by removal of the solvent is purified by 
silica gel chromatography to give ethyl a-acetamido-2- 
acetamidothiazol-4-ylacetate. 4.46 g. Melting point: 
148.9°-150° C. 

Analysis-Calcd. for C11H15O4N3S.4H2O: C, 45.59; H, 
5.39; N, 14.50. Found: C, 45.73; H, 5.40; N, 14.21 
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164 mg. of ethyl a-oximino-a-[2-(/3,/3,/3-trichloroethox- 
yearbonylamino)thiazol-4-yl]acetate. 

Analysis-Calcd. for C10H10N3O5SCI3: C, 30.74 H, 
2.58; N, 10.75; CI, 27.23. Found: C, 30.95; H, 2.51; N, 
10.75; CI, 27.02. NMR(ppm, 100 MHz, CDC1 3 ): 

1.35(3H,t,CH3CH 2 ), 4.36(2H,q,CH 3 CH 2 ), 

4.87(2H,s,Cl3 CCH 2 ), 7.94(lH,s,thiazole ring proton). 

EXAMPLE 37 
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EXAMPLE 34 

To a solution of 2.51 g of N-(/3,/3,/3-trichloroethox- 
ycarbonyl)thiourea and 2.66 g. of ethyl a-acetamido-/3- 
oxo-y-bromobutyrate in 50 ml. of ethanol is added 1.8 g. 
of N,N-dimethylaniline. The mixture is stirred for 24 
hours at room temperature, and condensed under re- 
duced pressure. The residue is dissolved in 30 ml. chlo- 
roform and the solution is washed with 3 N-HC1, water, 
and dried. The solid matter which is obtained by re- 
moval of chloroform is purified by silica gel chromatog- 
raphy to give ethyl a-acetamido-2-03,/3,/$-trichloroe- 
thoxycarbonylamino)thiazol-4-ylacetate. 1.43 g. Melt- 
ing point: 161.9° C. 

Analysis-Calcd. for C12H14O5N3SCI3.JH2O: C, 
33.70; H, 3.54; N, 9.82. Found: C, 33.69; H, 3.64; N, 
10.06 NMR(ppm, 100 MHz, d 6 -DMSO): 1.15(3H,t,- 
CH2CH3), 4.09(2H,q,-CH2CH 3 ), 1.88(3H,s,COCH 3 ), 
4.96(2H,s,Cl 3 CCH 2 ), 5.42(lH,d, >CHCOOC 2 H 5 ), 
7.13(lH,s,5-H). 

EXAMPLE 35 

To a suspension of 100 mg. of ethyl a-acetamido-2- 
(/3,/?,/^trichloroethoxycarbonylamino)thiazol-4-ylace- 
tate in 5 ml of water is added 2 ml. of 1 N-NaOH and the 
mixture is stirred for 2 hours at room temperature. The 
reaction mixture is washed with ethyl acetate and the 
water layer is made pH 2.0 with 1 N-HC1, and then 
extracted with ethyl acetate. The extract is washed, 
dried, and condensed to give N-acetyl-2-(/3,/?,/3-tri- 
chloroethoxycarbonylamino)thiazol-4-ylglycine. 65 
mg. Melting point: 158.0° C. 

Analysis-Calcd. for C10H10O5N3SCI3.JH2O: C, 
30.05; H, 2.77; N, 10.51. Found: C, 30.15; H, 2.52; N, 
10.23. NMR(ppm, 100 MHz, d 6 -DMSO): 
1.89(3H,s,COCH 2 ), 4.97(2H,s,Cl 3 CCH 2 ), 5.40(lH,d, 
>CHCOOH), 7.10(lH,s,5-H). 

EXAMPLE 36 

To a solution of 238 mg. of ethyl a-oximino-/3-oxo-y- 
bromobutyrate in 10 ml. of ethanol is added 251 mg. of 
N-03,/3,/3-trichloroethoxycarbonyl)thiourea and the 
mixture is heated under reflux for 6 hours. After cool- 
ing, 50 ml. of chloroform is added and the organic solu- 
tion is washed with water and dried over anhydrous 
magnesium sulfate. Evaporation of the solvent followed 
by chromatographic purification on silica gel affords 



A solution of 2.0 g. of ethyl a-oximino-a-[2-(/3,y3,/3- 
trichloroethoxycarbonylamino)thiazol-4-yl)acetate in 
50 ml of 10% HCl-ethanol is hydrogenated over 0.5 g. 
of 5% palladium-on charcoal under shaking. The reac- 
tion stops when 90 ml. of hydrogen is absorbed. Addi- 
tional 1.5 g. of the catalyst is added and 170 ml. of hy- 
drogen is absorbed. Insoluble material is filtered off and 
the filtrate is concentrated under reduced pressure. The 
residue is washed with ether, and separated. The sepa- 
rated solid is dissolved in 5 ml. of water and neutralized 
with 10% sodium hydrogen carbonate aq. solution, and 
then extracted with chloroform. The extract is washed 
with water, drying over anhydrous magnesium sulfate 
and subjected to the evaporation of the solvent. The 
resultant residue is followed by chromatographic purifi- 

25 cation on silica gel column to afford 560 mg. of 2- 
(/3,/3,/Mrichloroethoxycarbonylamino)thiazol-4-ylgly- 
cine ethyl ester. 

Analysis-Calcd. for Ci Hi 2 N3O 4 SCl3: C, 31.89; H, 
3.21; N, 11.16. Found: C, 31.91; H, 3.00; N, 10.63. 

30 NMR(ppm, 100 MHz, CF3CO2D): 1.37(3H,t,CH 3 CH 2 ), 
4.47(2H,q,CH 2 CH 3 ), 4.98(2H,s,Cl 3 CCH 2 ), 

5.82(lH,s,CH), 7.74 (lH,s,thiazole ring proton). 

EXAMPLE 38 

35 To a solution of 3.40 g. of 2-(/3,/3,/3-trichloroethox- 
ycarbonylamino)thiazol-4~ylglycine ethyl ester in 50 
ml. of chloroform are added gradually 1.2 g. of triethyl- 
amine and 2.50 g. of /3,/3,/3-trichloroethoxycarbonyl 
chloride under stirring at room temperature. After 30 

40 minutes stirring, 100 ml. of chloroform is added to the 
mixture and the obtained organic solution is washed 
with saturated NaCl aq. solution, 1 N-hydrochloric acid 
and then with water, and dried over anhydrous magne- 
sium sulfate. After the evaporation of the solvent n-hex- 

45 ane is added to the residue to afford crude product. The 
crude product is recrystallized from a mixture of ligroin 
and n-hexane to give 4. 1 1 g. of 2-(/3,/3,/3-trichloroethox- 
ycarbonylamino)thiazol-4-yl-N-(/3,/3,/3-trichloroethox- 
ycarbonyl)glycine ethyl ester. Yield 82%. 

50 " Analysis-Calcd. for C13H13N3O6SCI6: C, 28.28; H, 
2.37; N, 7.61. Found: C, 28.39; H, 2.38; N, 7.71 
NMR(ppm, 100 MHz, CDCI3): 1.21(3H,t,CH 3 CH 2 ), 
4.60(2H,q,CH 3 CH 2 ) , 4.83 and 4.86(4H,two s, 
CI3CCH2), 5.60(lH,d,CH), 6,98(lH,s,triazole ring pro- 

55 ton), 7.38 (lH,d,a-NH). 

EXAMPLE 39 

To a solution of 3.82 g. of 2-(/3,/3,/3-trichloroethox- 
ycarbonylamino)thiazol-4-yl-N-(/3,/3,/3-trichloroethox- 

60 ycarbonyl)glycine ethyl ester in 150 ml. of ethanol is 
added a solution of 1.94 g. of potassium hydroxide in 10 
ml. of water while stirring at room temperature. After 
30 minutes stirring, the solution is concentrated under 
reduced pressure and 50 ml. of water is added to the 

65 residue. The aqueous solution is washed with ethyl 
acetate; adjusted to pH 2.0 with 1 N-hydrochloric acid 
and extracted twice each with 70 ml. of ethyl acetate. 
The combined extracts are washed with water, dried 
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over anhydrous magnesium sulfate and concentrated 
under reduced pressure. n-Hexane is added to the resi- 
due to separate crude material. The crude material is 
recrystallized from a mixture of ethyl acetate and lig- 
roin to afford 1.83 g. of 2-(/3,/3,/^trichloroethoxycar- 5 
bonylamino)thiazol-4-yl-N-(/^/3,/^trichloroethoxycar- 
bonyl)glycine. Yield 50% 

NMR(ppm, 100 MHz, CDC1 3 ): 4.80(4H,s,Cl 3 CCH 2 ), 
4.65(lH,s,2-NH), 5.48(lH,broad d, CH), 6.14(lH,broad 
d,a-NH), 6.95(lH,s thiazole ring proton). 10 

EXAMPLE 40 

To a suspension of 3.46 g. of 2-aminothiazol-4-yl-gly- 
cine in 100 ml. of N,N-dimethylacetamide is added 
dropwise 12.66 g. of &/3,/3,-trichloroethoxycarbonyl 15 
chloride while stirring for 30 minutes at room tempera- 
ture. After further 30 minutes stirring, 250 ml. of ethyl 
acetate is added to the reaction mixture and the result- 
ing solution is washed with 70 ml. of 1 N-hydrochloric 
acid. The ethyl acetate is separated and extracted 3 20 
times with 50 ml. of 3% aq. potassium hydroxide solu- 
tion. The combined aqueous extracts are washed with 
ethyl acetate, adjusted to pH 2.0 with 1 N-hydrochloric 
acid and extracted 3 times each with 100 ml. of ethyl 
acetate. The combined extracts are washed with water, 25 
dried over anhydrous magnesium sulfate and concen- 
trated under reduced pressure. n-Hexane is added to the 
oily residue to precipitate crude material. Crude mate- 
rial is separated and recrystallized from a mixture of 
ethyl acetate and ligroin to afford 510 mg. of 2-(/3,/3, {$- 30 
trichloroethoxycarbonylamino)thiazol-4-yl-N-(/3,/3,/$- 
trichloroethoxycarbonyl)glycine. This product is iden- 
tical with the compound obtained in Example 39 in all 
respects. 

EXAMPLE 41 35 

To a suspension of 2.4 g. of 7-amino-3-(l-methyl-lH- 
tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid in 
20 ml. of dimethylacetamide is added 2.4 g. of a- 
hydroxy-2-(/3,/3,^trichloroethoxycarbonylamino)- 40 

thiazol-4-ylacetic acid cyclic carboxy anhydride (ob- 
tained by the procedure described in Example 4) and 
the mixture is stirred for 15 hours at room temperature. 
Ethyl acetate (100 ml.) is added to the reaction mixture 
and filtered. The filtrate is extracted several times with 45 
5% aq. NaHG03. The combined extract is adjusted to 
pH 3.0 with 10% aq. HC1 and extracted with ethyl 
acetate. The ethyl acetate layer is washed with satu- 
rated aq. NaCl and dried. Evaporation of the solvent 
gives 7£-{a-hydroxy-[2-(/3,£,£-trichloroethoxycar- 50 
bonylamino)thiazol-4-yl]acetamido}-3-( 1 -methyl- 1 H- 
tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid 
(1.8 g.) as a jelly which is then dissolved in 100 ml. of 
90% aq. formic acid under ice cooling. To this solution 
is added 1.8 g. of zinc dust and stirred for 1 hour under 55 
ice-cooling. The reaction mixture is filtered and con- 
densed under reduced pressure. Water (100 ml.) is 
added to the condensate and H 2 S gas is bubbled into the 
aqueous solution to precipitate zinc sulfide. Zinc sulfide 
is filtered off and the filtrate is condensed under re- 60 
duced pressure and the concentrate is dissolved in 5% 
aq. NaHC03 solution and the solution is passed through 
a column packed with polystyrene resin (Amberlite 
XAD-2) to give purified 7/?-[a-hydroxy-a-(2-amino- 
thiazol -4-y l)acetamido] -3 -( 1 -methyl- 1 H-tetrazol-5 - 65 

ylthiomethyl)-3-cephem-4-carboxylic acid sodium salt. 

Analysis-Calcd. for Ci 5 Hi505N8S 3 Na.3H 2 0: C, 
32.14; H, 3.78; N, 19.99. Found: C, 32.53; H, 3.77; N, 



19.50. NMR(ppm, 100 MHz, D 2 0): 3.71(2H,q,2-CH 2 ), 
4.14(3H,s,N-CH 3 ), 5.28(lH,s, >CH-CONH), 

5.22(lH,d,6-H), 5.75(lH,d,7-H), 6.84(lH,s,5-H). 

EXAMPLE 42 

To a solution of 100.8 mg. of NaHCC>3 and 127.6 mg. 
of 5-mercapto-l -methyl- lH-tetrazole in 10 ml. of water 
is added 486 mg. of sodium 7/3-[a-hydroxy-(2-amino- 
thiazol-4-yl)acetamido)cephalosporanate. The mixture 
is stirred at 55° C. for 20 hours. After cooling the mix- 
ture is passed through a column packed with polysty- 
rene resin (Amberlite XAD-2) to give purified sodium 
7)8-[a-hydroxy-(2-aminothiazol-4-yl)-acetamido]-3-( 1 - 
methyl- 1 H-tetrazol-5-ylthiomethyl)-3-cephem-4-car- 
boxylate, which is identical with the sample obtained in 
Example 41 in all respects. 

EXAMPLE 43 

To a suspension of 781 mg. of a-ethoxyimino-[2- 
(/3,/3,^trichloroethoxycarbonylamino)thiazol-4-yl]a- 
cetic acid in 15 ml. of CH 2 Cl 2 is added 625 mg. of phos- 
phorus pentachloride. The mixture is homogenized by 
stirring for 10 seconds. After stirring at room tempera- 
ture for 1 hour, the solvent is removed under reduced 
pressure and the residue is dissolved in 10 ml. of ace- 
tone. On the other hand 7-amino-3-(l-methyl-lH-tet- 
razol-5-ylthiomethyl)-3-cephem-4-carboxylic acid (657 
mg.) and NaHCC>3 (1.68 g.) are dissolved in a mixture of 
20 ml. of water and 10 ml. of acetone. To this solution 
while ice-cooling, the foregoing acetone solution is 
added dropwise in a period of 30 minutes. After the 
dropping, the mixture is stirred at room temperature for 
2 hours, and condensed under reduced pressure to re- 
move acetone. The concentrate is washed with ethyl 
acetate, adjusted to pH 2.0 with 1 N-HC1 and extracted 
with ethylacetate. The ethyl acetate extract is washed 
with water, dried over anhydrous magnesium sulfate 
and condensed to give 7£-{a-ethoxyimino-[2-(/3,/3,/3- 
trichloroethoxycarbonylamino)thiazol-4- 
yl]acetamido}-3-( 1 -methyl- 1 H-tetrazol-5 -ylthiome- 
thyl)-3-cephem-4-carboxylic acid. 925 mg. Yield 660%. 

NMR(ppm, 100 MHz CF3COOD): 

1.50(3H,t,CH 2 CH 3 ), 4.60(2H,q,-CH 2 CH3), 3.85(2H,q,2- 
CH 2 ), 4.12(3H s,N-CH 3 ), 4.98(2H,s,Cl 3 CCH 2 -), 
5.38(lH,d,6-H), 6.02(lH,q,7-H), 7.91(lH,s,5-H). 

EXAMPLE 44 

Sodium 7/^{a-ethoxyimino-[2-(/3,/3,/3-trichloroe- 
thoxycarbonylamino)thiazol-4-yl]acetamido}cephalos- 
poranate (667 mg.) NaHC0 3 (90 mg.) and 5-mercapto- 
1 -methyl- lH-tetrazole (120 mg.) are dissolved to 20 ml. 
of water. The mixture is stirred at 60° C. for 8 hours and 
filtered. The filtrate is adjusted to pH 2.0 with 1 N-HC1 
and the solid is separated. The separated solid is filtered, 
washed with water and dried over phosphorus penta- 
chloride under reduced pressure to give 7/?-{a-ethox- 
yimino-[2-(/3,/3,^trichloroethoxycarbonylamino)- 
thiazol-4-yl]acetamido}-3-(l-methyl-lH-tetrazol-5- 
ylthiomethyl)-3-cephem-4-carboxylic acid. (238 mg.) 
which is identical with the sample obtained in Example 
43 in all respects. 

EXAMPLE 45 

To a suspension of 2.92 g of a-ethoxyimino-[2- 
(chloroacetamido)thiazol-4-yl]acetic acid in 50 ml of 
methylene chloride is added 2.08 g of phosphorus pen- 
tachloride. The mixture is stirred for 2 hours at room 
temperature, after which time methylene chloride is 
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distilled off and the residue is dissolved in 30 ml of 
acetone. The acetone solution is added dropwise under 
ice-cooling in a period of 15 minutes, to the solution of 
3.29 g of 7-amino-3-(l-methyl-lH-tetrazol-5-ylthiome- 
thyl)-3-cephem-4-carboxylic acid and 8.4 g of sodium 5 
bicarbonate dissolved in a mixture of 100 ml of water 
and 50 ml of acetone. After the addition has been com- 
pleted, the obtained solution is stirred at room tempera- 
ture for 2 hours and concentrated under reduced pres- 
sure to remove acetone. The concentrate is washed 
with ethyl acetate and adjusted to pH 2.0 with 3 N 
hydrochloric acid under ice-cooling, followed by ex- 
tracting with ethyl acetate. The ethyl acetate layer is 
washed with water and dried over anhydrous magne- 15 
sium sulfate, followed by distillation of the solvent to 
give 3.80 g of 7/Ma-ethoxyimino-[2- 
(chloroacetamido)thiazol-4-yl]acetamido}-3-(l-methyl- 
lH-tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic 
acid. Yield 63.1%. 20 

NMR(ppm, 60 MHz, d 6 -DMSO): 

1.34(3H,t,CH 3 CH 2 -), 3.56(2H,broad S,2-CH 2 ), 
3.95(3H,S,N-CH 3 ), 4.05-4.50(4H,m,CH 3 CH2- and 3- 
CH 2 ), 4.24(2H,S,ClCH2CO), 5.04(lH,d,6-H), 

5.70(lH,d,7-H), 7.82(1H,S, thiazole ring proton). 25 
IRXKB^cm- 1 ): 176003-lactam), 1035(=N— O—C). 

EXAMPLE 46 

To a solution of 3.90 g of sodium 7/3-{a-ethox- 
yimino[2-(chloroacetamido)thiazoI-4-yl]acetamido}-3- 30 
(l-methyl-lH-tetrazol-5-ylthiomethyl)-3-cephem-4-car- 
boxylate in 50 ml of water is added 1.52 g of thiourea. 
The mixture is stirred at room temperature for 3 hours 
and adjusted to pH 2.0 with 1 N hydrochloric acid. The 35 
resulting precipitates are filtered, washed with water 
and dried to obtain 2.40 g of 7/J-[a-ethoxyimino-(2- 
aminothiazol-4-yl)acetamido]-3-(l-methyl-lH-tetrazol- 
5-ylthiomethyl)-3-cephem-4-carboxylic acid. Yield 
73.1%. 40 

NMR(ppm, 60 MHz, d 6 -DMSO): 

1.26(3H,t,CH3CH 2 -), 3.84(3H,S,N-CH 3 ), 

3.90-4.40(4H,m,CH 3 CH 2 - and 3-CH 2 ), 5.02(lH,d,6-H), 
5.70(lH,d,7-H), 7.94(lH,S,thiazole ring proton). 
IR(KBr,cm-l): 1770 /3-lactam), 1030(=N— O— C). 45 

EXAMPLE 47 

2.0 g of 7^-[a-ethoxyimino-(2-aminothiazol-4-yl)- 
acetamido]-3-(l-methyl-lH-tetrazol-5-ylthiomethyl)-3- 
cephem-4-carboxylic acid is dissolved in 50 ml of 90% 50 
formic acid. To the solution is added 2.48 g of zinc dust 
under stirring and cooling at the temperature of —10° 
C, and the mixture is further stirred for 15 minutes. 
After the reaction has been completed, the insoluble 
materials are filtered off. Into the filtrate is poured ether 
to precipitate white solid, which is centrifugally sepa- 
rated and washed three times with ether and dried 
(yield; 1.66 g). This white solid is dissolved in aq. solu- 
tion of sodium bicarbonate. The solution is subjected to 60 
the purification using a column of Amberlite XAD-2 
and the fractions eluted with water are lyophilized to 

obtain sodium 7/3-[(2-aminothiazol-4-yl)glycylamido]- 
3-( 1 -methyl- 1 H-tetrazol-5-ylthiomethyl)-3-cephem-4- 
carboxylate. 65 

NMR(ppm, 100 MHz,D 2 0): 3.94(3H,S,N-CH 3 ), 
6.74(lH,S,thiazole ring proton). IRCKB^cm- 1 ): 
1760(/3-lactam). UV(H 2 0, nm): 260(cephem) 



EXAMPLE 48 

(1) To a suspension of 6.25 g of phosphorus penta- 
chloride in 45 ml of anhydrous methylene chloride 
cooled at — 10° C, is added 20 ml of anhydrous methy- 
lene chloride solution containing 2.4 g of pyridine and 
the mixed solution is stirred for 30 minutes. To the 
solution is dropwise added a solution of 9.3 g of l/3-(2- 
thienylacetamido)-3-(l-methyl-lH-tetrazol-5-ylthiome- 
thyl)-3-cephem-4-carboxylic acid benzhydryl ester in 30 
ml of anhydrous methylene chloride during 30 minutes 
under stirring and keeping at -20° C--10 C. The 
mixture is further stirred for 2 hours at the same temper- 
ature and then cooled to -30° C. — 20° C, followed by 
adding dropwise 56 ml of methanol. Thus obtained 
solution is stirred for 30 minutes, keeping the tempera- 
ture of the solution between —5° C. and 5° C, and 60 ml 
of water is added dropwise thereto, followed by further 
stirring for 30 minutes. Methylene chloride layer is 
washed with saturated aq. NaCl solution and concen- 
trated. To the concentrate is added a mixture of water 
and ethyl acetate under stirring to give 4.746 g of 7- 
amino-3-(l-methyl-lH-tetrazol-5-ylthiomethyl)-3-ceph- 
em-4-carboxylic acid benzhydryl ester as a crystal. 
Yield 64.0%. 

(2) To a suspension of 2.05 g of a-ethoxyimino-a-[2- 
(chloroacetamido)thiazol-4-yl]acetic acid in 50 ml of 
methylene chloride is added 1.50 g of phosphorus pen- 
tachloride under cooling. The mixture is stirred for 2 
hours at room temperature and subjected to the distilla- 
tion of methylene chloride. The residue is dissolved in 
20 ml of tetrahydrofuran. The tetrahydrofuran solution 
is dropwise added while stirring to a solution of 2.92 g 
of 7-amino-3-(l -methyl- lH-tetrazol-5-ylthiomethyI)-3- 
cephem-4-carboxylic acid benzhydryl ester dissolved in 
50 ml of absolute methylene chloride, followed by the 
addition of 2.87 g of pyridine under ice-cooling. After 
the addition has been completed and the temperature of 
the reaction solution becomes the same as the room 
temperature, the solution is stirred for 2 hours and then 
concentrated. The residue is dissolved in a mixture of 
100 ml of ethyl acetate and a little amount of tetrahy- 
drofuran. Thus obtained solution is washed with dilute 
hydrochloric acid, sodium bicarbonate aq. solution and 
water in this order, dried over anhydrous magnesium 
sulfate and concentrated. The concentrate is purified by 
means of a column of silica gel. The fractions eluted 
with the mixture of ethyl acetate and chloroform (1:1) 
are concentrated to obtain 2.36 g of 7y8-{a-ethoxyimino- 
[2-(chloroacetamido)thiazol-4-yl)acetamido}-3-( 1 - 
methyl-lH-tetrazol-5-ylthiomethyl)-3-cephem-4-car- 
boxylic acid benzhydryl ester. Yield 50%. 

NMR(ppm, 60 MHz, CDC1 3 ): 1.34(3H,t,CH3_CH 2 -), 
3.68(2H,broad S,2-CH 2 ), 3.80(3H,S,N-CH 3 ), 

4.26(2H,S,ClCH2CO), 5.04(lH,d,6-H), 5.92(lH,qJ-H), 
6.94(lH,S,-CHPh 2 ), 7.20-7.60(10H,m,Ph 2 ), 

7.90(lH,S,thiazole ring proton), 8.45(lH,d,7-NH). 

EXAMPLE 49 

To a solution of 2.2 g of 7/5-{a-ethoxyimino-[2- 
(chloroacetamido)thiazol-4-yl]acetamido}-3-(l-methyl- 
lH-tetrazol-5-ylthiom.ethyl)-3-cephem-4-carboxylic 
acid benzhydryl ester in 20 ml of tetrahydrofuran is 
added a solution of 550 mg of thiourea in 20 ml of etha- 
nol, followed by addition of 50 mg of triethylbenzylam- 
monium bromide. The mixture is stirred for 20 hours at 
room temperature and concentrated. The residue is 
dissolved in a mixture of ethyl acetate and tetrahydrofu- 
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ran and the solution was washed with aq. sodium bicar- 
bonate solution and then water, followed by drying 
over anhydrous magnesium sulfate. The dried solution 
is subjected to distillation of the solvent to give powder 
which is washed with chloroform and ether and dried. 5 
The procedure yields 1.047 g of 7j8-[a-ethoxyimino-(2- 
aminothiazol-4-yl)acetamido]-3-(l-methyl-lH-tetrazol- 
5-ylthiomethyl)-3-cephem-4-carboxylic acid benzhyd- 
ryl ester. Yield 52.9%. 

NMR(ppm, 60 MHz, CDCl 3 +d 6 -DMSO(3:l)): 10 
1.38(3H,t,CH3CH 2 — ), 3.78(2H,broad S, 2-CH 2 ), 
3.90(3H,S,N-CH 3 ), 4.30(2H, broad S, 3-CH 2 ), 
4.38(2H,q ) CH 3 CH 2 ) J 5.14(lH,d,6-H), 6.00(lH,d,7-H), 
6.88(lH,S,CHPh 2 ), 7.20-7.60(10H,m,Ph 2 ), 

7.48(lH,S,thiazole ring proton). 15 

EXAMPLE 50 

To a solution of 750 mg of 7/3-[a-ethoxyimino-(2- 
aminothiazol-4-yl)acetamido]-3-( 1 -methyl- 1 H-tetrazol- 
5-ylthiomethyl)-3-cephem-4-carboxylic acid benzhyd- 
ryl ester in 10 ml of 90% formic acid is added 654 mg of 
zinc dust, cooling to —10° C. After the mixture is 
stirred for 20 minutes at -10° C. and further for 10 
minutes at room temperature, the insoluble materials is 
filtered off. The filtrate is neutralized with aq. sodium 
bicarbonate solution and extracted with ethyl acetate. 
The ethyl acetate layer is washed with water and dried 
over anhydrous magnesium sulfate, after which time the 
solvent is distilled off to give 465 mg of foamy materials. 3Q 
All of the foamy materials are dissolved in a mixture of 
2 ml of trifluoroacetic acid and 0.5 ml of anisole, stirred 
for 30 minutes under ice-cooling and then for 5 minutes 
at room temperature. Thus obtained solution is concen- 
trated, and to the residue is poured ether to precipitate 35 
a solid. The solid is washed twice with ether and dried 
to obtain 320 mg of solid product. This solid product is 
dissolved in an excess amount of aq. sodium bicarbonate 
solution and purified with a column of Amberlite XAD- 
2. The fractions eluted with water is lyophilized to 40 
obtain sodium 7/3-[(2-aminothiazol-4-yl)-glycylamido]- 
3-(l-methyl-lH-tetrazol-5-ylthiomethyl)-3-cephem-4- 
carboxylate. This product is identical with the com- 
pound obtained in Example 47 in all respects. 

EXAMPLE 51 45 

To a solution of 18.7 g of ethyl a-ethoxyimino-/?- 
oxobutyrate in 100 ml of chloroform gradually is drop- 
wise added a solution of 15.9 g of bromine in 20 ml of 
chloroform under ice-cooling. The solution is stirred 50 
for 30 minutes at the same temperature and further, for 
1.5 hours at room temperature. The reaction mixture is 
washed with water, aq. sodium bicarbonate solution and 
then water in this order, followed by drying over anhy- 
drous magnesium sulfate. The dried solution is sub- 55 
jected to the evaporation of the solvent, and to the 
residue is added 250 ml of ethanol and 15.2 g of thio- 
urea. Thus mixture is refluxed for 2 hours and cooled, 
followed by the distillation of the solvent under reduced 
pressure. To the residue is added 250 ml of water to 60 
precipitate a solid which is collected by means of filtra- 
tion and washed with water and dried. The procedure 
gives 17.9 g of ethyl a-ethoxyimino-2-aminothiazol-4- 
yl-acetate hydrobromide. Yield 55%. 

Analysis-Calcd. for C 9 Hi 4 N 3 03SBr: C, 33.34; H, 65 
4.35; N, 12.96 Found C, 32.52; H, 3.98; N, 12.92 
NMR(ppm, 100 MHz, d 6 -DMSO): 1.30 and 1.32 
(6H,two t, CH3CH 2 ), 4.28 and 4.37(4H, two q, 



CT^CHa), 7.63(1H,S, thiazole ring proton), 9.12(2H, 
broad S, NH 2 ) 

EXAMPLE 52 

To a solution of 2.43 g of ethyl a-ethoxyimino-2- 
aminothiazol-4-ylacetate hydrobromide in 25 ml of an- 
hydrous N,N-dimethylacetamide is added 1.43 g of 
chloroacetyl chloride under cooling and stirring. The 
solution is stirred for 30 minutes under ice-cooling and 
then for 30 minutes at room temperature. To the reac- 
tion mixture is added 150 ml of ethyl acetate and the 
mixture is repeatedly washed with saturated aq. NaCl 
solution. The ethyl acetate layer is dried over anhy- 
drous magnesium sulfate, and subjected to the distilla- 
tion of the solvent under reduced pressure. To the resi- 
due is added water to precipitate solid material. The 
solid is collected by filtration and dried. The procedure 
gives 1.90 g of ethyl a-ethoxyimino-2- 
(chloroacetamino)-thiazol-4-ylacetate. Yield 79%. 

NMR(ppm, 100 MHz, d 6 -DMSO): 1.24 and 1.27 (6H, 
two t, CH3_CH 2 ), 4.22(4H, two q, CHsCHg), 
4.30(2H,S,C1CH 2 CO), 7.99 (1H,S, thiazole ring proton). 

EXAMPLE 53 

1.06 g of ethyl a-ethoxyimino-2-(chloroacetylamino)- 
thiazol-4-ylacetate is suspended in a solution of 0.94 g of 
potassium hydroxide in a mixture of 40 ml of ethanol 
and 2 ml of water and the suspension is stirred at room 
temperature to make it to be a solution, followed by 
further stirring for 45 minutes at room temperature. The 
reaction solution is subjected to the distillation of etha- 
nol under reduced pressure and the residue is adjusted 
to pH 2.0 with 1 N hydrochloric acid under ice-cooling, 
to precipitate crystals. The crystals are filtered, washed 
with water and dried. The procedure yields 0.88 g of 
a-ethoxyimino-2-(chloroacetylamino)thiazol-4-ylacetic 
acid. Yield 91%. 

Analysis-Calcd. for C9H10N3O4SCI: C, 37.05; H, 
3.45; N, 14.41. Found: C, 37.17; H, 3.44; N, 14.09 
NMR(ppm, 100 MHz, d 6 -DMSO): 1.28(3H,t,CH3CH 2 ), 
4.22(2H,q,CH 3 CH 2 ), 4.32(2H,S,ClCH 2 CO), 

8.00(lH,S,thiazole ring proton). 

EXAMPLE 54 

(1) To a solution of 5.03 g of N-(/3,/3,/3-trichloroe- 
thoxycarbonyl)thiourea and 5.32 g of ethyl a-ethox- 
yimino-/3-oxo-y-bromobutyrate in 50 ml of ethanol is 
added 3.03 g of N,N-dimethylaniline and the mixture is 
heated for 2 hours in water bath of 80° C. The reaction 
solution is subjected to the distillation of ethanol and the 
residue is dissolved in ethyl acetate. The ethyl acetate 
solution is washed with dilute hydrochloric acid and 
then water, and dried, followed by the distillation of the 
solvent to give 7.85 g of ethyl a-(2-/3,/3,/3-trichloroe- 
thoxycarbonylaminothiazol-4-yl)-a-ethoxyiminoacetate 
as an oil. 

(2) To a solution of 2.00 g of ethyl a-(2-£,£,£-tri- 
chloroethoxycarbonylaminothiazol-4-yl)-a-ethoxyi- 
minoacetate in 40 ml of methanol is added 20 ml of 1 N 
sodium hydroxide. The solution is stirred for 2 hours at 
50° C. and concentrated. To the concentrate is added 50 
ml of water and thus obtained solution is washed twice 
with ethyl acetate. Aqueous layer is adjusted to pH 2.0 
with 3 N hydrochloric acid to separate white solid. The 
white solid is filtered, washed with water and dried to 
give 1.40 g of a-ethoxyimino-2-03,/?,/?-trichloroethox- 
ycarbonylamino)thiazol-4-ylacetic acid. Yield 74.9%. 
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Analysis-Calcd. for Q0H10N3O5SCI3: C, 30.75; H, 
2.58; N, 10.76 Found C, 30.87; H, 2.41; N, 10.66 
NMR(ppm, 60 MHz, d 6 -DMSO): 1.13(3H,t,CH3CH 2 ), 
4.06(2H,q,CH 3 CH2), 4.90(2H,S,Cl 3 CCH2O), 

7.40(lH,S,thiazole ring proton). i 



EXAMPLE 55 

To a suspension of 6.0 g of 7a-methoxy-7/3-amino-3- 
desacetoxycephalosporanic acid t-butyl ester in 180 ml 
of N,N-dimethylacetamide is added under stirring 8.25 
g of powdered 2-(/3,/3,/3-trichloroethoxycar- 
bonylamino)thiazol-4-yl-a-hydroxyacetic acid cyclic 
carboxyanhydride and then further stirred for one hour. 
The reaction mixture is shaken well with 500 ml of ethyl 
acetate and the organic layer is washed with water, 5% 
sodium bicarbonate aq. solution and saturated aq. NaCl 
solution in this order, followed by drying over anhy- 
drous magnesium sulfate. The ethyl acetate layer is 
subjected to the distillation of ethyl acetate to give 10.2 
g of crude 7a-methoxy-7^3-[2-(y8,)8,/3-trichloroethox- 
ycarbonylamino)thiazol-4-yl-a-hydroxyacetamido]-3- 
desacetoxycephalosporanic acid t-butyl ester as an oil. 
To a solution of this oily product in 400 ml of 90% 
formic acid is added 10 g of zinc dust under cooling and 
stirring and the mixture is reacted for 2 hours. After 
insoluble materials are filtered off, the filtrate is added 
to 200 ml of saturated NaCl aq. solution, and the resul- 
tant solution is extracted with ethyl acetate. The ethyl 
acetate layer is washed with water and dried, followed 
by the distillation of ethyl acetate to obtain 5.3 g of 
crude 7a-methoxy-7j8-[(2-aminothiazol-4-yl)-a-hydrox- 
yacetamido]-3-desacetoxycephalosporanic acid t-butyl 
ester as an oil. 

This oily product is added to a mixture of 25 ml of 
trifluoroacetic acid and 25 ml of anisole under ice-cool- 
ing, and the mixture is stirred for 30 minutes under the 
same condition. To the reaction mixture is poured 200 
ml of absolute ether, and resulting precipitates are col- 
lected by means of filtration. The precipitates are dis- 
solved in 30 ml of 5% sodium bicarbonate aq. solution, 
and thus obtained solution is passed through a column 
of Amberlite XAD-2, followed by elution with water. 
The procedure yields 525 mg. of sodium 7a-methoxy- 
7/3-[(2-aminothiazol-4-yl)-a-hydroxyacetamido]-3- 
desacetoxycephalosporanate as a powder. 

Analysis-Calcd. for Ci4Hi 5 06N4S2Na.2H20: C, 
36.67; H, 4.17; N, 12.22. Found C, 36.23; H, 4.38; N, 
11.97 NMR(ppm, 100 MHz, CF3COOD): 2.15(3H,S,3- 
CH3), 3.45(3H,S,7-OCH 3 ), 6.25(lH,S,thiazole ring pro- 
ton). 

EXAMPLE 56 

To a solution of 27,3 g of ethyl a-methoxyimino-/?- 
oxobutyrate in 120 ml of chloroform is dropwise added 
a solution of 25.3 g of bromine in 30 ml of chloroform 
over a period of 30 minutes. The solution is stirred for 1 
hour at room temperature, and washed with dilute so- 
dium bicarbonate aq. solution and water and dried. The 
dried solution is subjected to the distillation of the sol- 
vent to give an oily crude product of ethyl a-methox- 
yimino-yS-oxo-y-bromobutyrate. The crude product is 
dissolved in 250 ml of ethanol and 24 g of thiourea is 
added thereto, followed by refluxing for 3 hours. After 
cooling, the precipitates are collected by filtration, 
washed with ethanol and then suspended in 300 ml of a 
mixture of ethyl acetate and tetrahydrofuran (1:1). To 
the suspension is added to 200 ml of 10% sodium bicar- 
bonate aq. solution and the mixture is thoroughly 
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shaken. The organic layer is dried and subjected to the 
distillation of the solvent to give crystal, followed by 
washing with ether. The procedure gives 16.86 g of 
ethyl a-methoxyimino-a-(2-aminothiazol-4-yl)acetate. 
Melting point: 112°-113° C. 

Analysis-Calcd. for C8H11N3O3S: C, 41.91; H, 4.84 
Found: C, 41.20; H, 4.70 NMR(ppm, 60 MHz,CDCl 3 ): 
4.04(3H,S, OCH3), 7.44(1 H,S, thiazole ring proton). 

EXAMPLE 57 
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To a solution of 10 g of ethyl a-methoxyimino-ct-(2- 
aminothiazol-4-yl)acetate in 100 ml of dimethylacetam- 
ide is dropwise added 5.91 g of chloroacetyl chloride 
under ice-cooling. After the stirring for 1 hour at room 

15 temperature, the reaction mixture is poured into ice- 
water and the resultant solution is extracted with ethyl 
acetate. The organic layer is washed and dried, fol- 
lowed by the distillation of solvent to give 12.66 g of 
ethyl a-methoxyimino-a-[2-(chloroacetamido)thiazol- 

20 4-yl]acetate as a crystal. Melting point: 81°-82° C. 

Analysis-Calcd. for C10H12N3O4SCI: C, 39.29; H, 
3.96 Found: C, 38.74; H, 3.58 NMR(ppm, 60 MHz, 
CDCI3): 4.10(3H,S,OCH 3 ), 4.24(2H,S,ClCH2CO-) 
7.94(lH,S,thiazole ring proton). 

25 EXAMPLE 58 

12.66 g of ethyl ct-methoxyimino-a-[2- 
(chloroacetamido)-thiazol-4-yl]acetate is added to a 
solution of 11.74 g of potassium hydroxide in a mixture 

30 of 25 ml of water and 500 ml of ethanol. After stirring 
for 20 minutes at room temperature, the reaction solu- 
tion is subjected to the distillation of ethanol under 
reduced pressure. The residue is added to water, and the 
resultant solution is made acidic with addition of N- 

35 hydrochloric acid, followed by separating the insoluble 
materials by filtration. The procedure yields 10.54 g of 
a-methoxyimino-a-[2-(chloroacetamido)thiazol-4- 
yl]acetate. Melting point: 182°-183° C. 

Analysis-Calcd. for C8H8N3O4SCI: C, 34.60; H, 2.90; 

40 N, 15.13 Found: C, 34.53; H, 3.00; N, 14.80 NMR(ppm, 
60 MHz, d 6 -DMSO): 4.00(3H,S,OCH 3 ), 

4.38(2H,S,ClCH2CO), 8.00(1H,S, thiazole ring proton). 

EXAMPLE 59 

45 To a suspension of 555.4 mg of a-methoxyimino-a-[2- 
(chloroacetamidi)thiazol-4-yI]acetic acid in 5 ml of 
methylene chloride is added 416.3 mg of phosphorus 
pentachloride under ice-cooling. The resultant solution 
is stirred for 30 minutes, and n-hexane is added thereto 

50 to precipitate 620 mg of ct-methoxyimino-a-[2- 
(chloroacetamido)thiazol-4-yl]acetyl chloride hydro- 
chloric scid S3.lt 

Analysis-Calcd. for C8H7N3O3SCI2.HCI: C, 28.89; H, 
2.42; N, 12.63 Found: C, 28.35; H, 2.81; N, 12.00 

55 5.26 g of the above-mentioned salt is added under 
ice-cooling to a solution of 2.66 g of pyridine and 4 g of 
7-aminocephalosporanic acid t-butyl ester in 60 ml of 
methylene chloride. After the stirring for 1 hour at 
room temperature, 60 ml of chloroform is added to the 

60 reaction mixture and the resultant solution is washed 
twice with 0.5 N hydrochloric acid and then with wa- 
ter. After drying, the solution is subjected to the distilla- 
tion to obtain 5 g of white powder of 7/3-{a-methox- 
yimino-a-[2-(chloroacetamido)thiazol-4-yl]acetamido}- 

65 cephalosporanic acid t-butyl ester. Melting point: 
126°- 127° C. 

Analysis-Calcd, for C22H26N5O8S3CI: C, 44.93; H, 
4.46; N, 11.91 Found: C, 44.74; H, 4.64; N, 11.61 
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NMR(ppm, 60 MHz, CDCI3): 1.50(9H,S, t-C 4 H 9 ), 
2.10(3H,S,CH 3 CO), 4.10(3H,S,OCH 3 ), 

4.28(2H,S,ClCH 2 CO), 7.84 (1H,S, thiazole ring proton). 

EXAMPLE 60 

5 g of 7/Ma-methoxyimino-a-[2-(chloroacetamido)- 
thiazol-4-yl]acetamidocephalosporanic acid t-butyl 
ester obtained in Example 59, 970.5 mg of thiourea and 
250 mg. of triethylbenzylammonium bromide are dis- 
solved in a mixture of 25 ml of ethanol and 500 ml of 
tetrahydrofuran. The solution is stirred at room temper- 
ature through a night. The reaction mixture is poured 
into 100 ml of 10% sodium bicarbonate aq. solution and 
extracted with ethyl acetate. The ethyl acetate layer is 
separated and concentrated. The oily concentrate is 
subjected to column chromatography packed with sil- 
ica gel to obtain 2.23 g of 7y3-[a-methoxyimino-a-(2- 
aminothiazol-4-yl)acetamido]cephalosporanic acid t- 
butyl ester as a powder. 

NMR(ppm, 60 MHz, CDCI3): 1.54(9H,S,t-C 4 H 9 ), 
2.08(3H,S,CH 3 CO), 4.12(3H,S,OCH 3 ), 

7.45(lH,S,thiazole ring proton). 

This powder is dissolved in a mixture of 1.6 ml of 
anisole and 16 ml of trifluoroacetic acid and the solution 
is stirred for 2 hours at room temperature, followed by 
the addition of 200 ml of a mixture of ether and hexane 
(10:1) to precipitate 7^-[a-methoxyimino-a-(2-amino- 
thiazol-4-yl)-acetamido]cephalosporanic acid trifluoro- 
acetic acid salt which is collected by filtration and 
washed with ether. Yield 1.45 g. 

NMR(ppm, 60 MHz, CF3COOH): 

1.85(3H,S,CH 3 CO), 4.00(3H,S,OCH 3 ), 

7.74(lH,s,thiazole ring proton). 

EXAMPLE 61 

A solution of 450 mg of 7/3-[a-methoxyimino-a-(2- 
aminothiazol-4-yl)acetamido]cephalosporanic acid tri- 
fluoroacetic acid salt and 170 mg of sodium bicarbonate 
in 5 ml of water is passed through a column of Amber- 
lite XAD-2 and eluted with water. The procedure 
yields 141 mg of sodium 7/3-[a-methoxyimino-a-(2- 
aminothiazol-4-yl)acetamido]cephalosporanate. Melt- 
ing point: 162°-163° C.(dec). 

Analysis-Calcd. for Ci6Hi6N 5 07S 2 Na.2H 2 0: C, 
37.43; H, 3.93; N, 13.64 Found: C, 37.10; H, 4.13; N, 
13.34 NMR(ppm, 100 MHz, D 2 0): 2.17(3H,S, CH3CO), 
4.13(3H,S, OCH3), 7.58(lH,S,thiazole ring proton). 

EXAMPLE 62 

7/3-[a-methoxyimino-a-(2-aminothiazol-4- 
yl)acetamido]cephalosporanic acid trifluoroacetic acid 
salt is dissolved in a solution of 272 mg of l-methyl-5- 
mercapto-lH-tetrazole, 555 mg. of sodium bicarbonate 
and 68 mg of triethylbenzylammonium bromide in 10 ml 
of water. The solution is heated at 60° C. in nitrogen 
atmosphere for 6 hours. After cooling, the reaction 
solution is passed through a column of Amberlite 
XAD-2 and eluted with water and then with 2.5% etha- 
nol. The procedure yields sodium 7/3-[a-methoxyimino- 
a-(2-aminothiazol-4-yl)acetamodo]-3-( 1 -methyl- 1 H-tet- 
razol-5-ylthiomethyl)-3-cephem-4-carboxylate. Melting 
point: 174°-175° C.(dec). 

Analysis-Calcd. for Ci6Hi6N 9 05S3Na.2H 2 0: C, 
33.74; H, 3.54; N, 22.13 Found: C, 34.25; H, 3.81; N, 
21.69 NMR(ppm, 100 MHz, D 2 0): 4.10(3H,S,N-CH 3 ), 
4. 14(3H,S,OCH 3 ), 7.58(lH,S,thiazole ring proton). 

The above-mentioned procedure gives a small 
amount of sodium 7/3-[a-methoxyimino-a-(2-amino- 
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thiazol-4-yl)-acetamodo]-3-desacetylcephalosporanate 
as a by-product. Melting point: 195°-196° C.(dec). 

Analysis-Calcd. for Ci 4 Hi4N 5 06S 2 Na.3H 2 0: C, 
34.35; H, 4.11; N, 14.30 Found: C, 34.43; H, 4.13; N, 
5 13.14 NMR(ppm, 60 MHz, D 2 0): 4.04(3H,S, OCH 3 ), 
7.46(lH,S,thiazole ring proton), 3.52(2H,q,2-CH 2 ). 

EXAMPLE 63 

To a suspension of 3.4 g of 7-amino-3-(l-methyI-lH- 

10 tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid in 
25 ml of dimethylacetamide is added 2.0 g of a-methox- 
yimino-a-[2-(chloroacetamido)thiazol-4-yl]acetyl chlo- 
ride hydrochloric acid salt under stirring. After the 
further stirring for 12 hours at room temperature, the 

15 reaction mixture is poured into water and extracted 
with ethyl acetate. The ethyl acetate extract is washed 
with water and dried and subjected to the distillation of 
the solvent. To the residue is added ethyl acetate and 
insoluble materials are filtered off. The filtrate is conten- 

20 trated under reduced pressure to obtain crude product 
1-114 g of 7/3-{a-methoxyimino-a-[2- 

(chloroacetamido)thiazol-4-yl]acetamido}-3-(l-methyl- 
lH-tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic 
aicd as an oil. The oily product is dissolved in 20 ml of 

25 a mixture of ethanol and tetrahydrofuran (1:1) and to 
the solution is added 430 mg of thiourea, followed by 
stirring for 15 hours at room temperature. The reaction 
solution is concentrated to dryness under reduced pres- 
sure and to the residue is added 10 ml of water, followed 

30 by stirring to precipitate insoluble materials. The insolu- 
ble materials is collected by filtration and dissolved in 
10% sodium bicarbonate aq. solution. The solution is 
passed through a column of Amberlite XAD-2, and 
eluted with water and then with 2.5 ethanol to obtain 

35 sodium 7^8-[a-methoxyimino-a-(2-aminothiazol-4- 

yl)acetamido]-3-(l-methyl-lH-tetrazol-5-ylthiomethyl)- 
3-cephem-4-carboxylate. This product is identical with 
the compound obtained in Example 62 in all respects. 



40 



EXAMPLE 64 



A solution of 10.45 g of a-ethoxyimino-a-[2-(tri- 
chloroethoxycarbonylamino)thiazol-4-yl]acetic acid 
ethyl ester in a mixture of 10% hydrochloric acid and 
ethanol is catalytic-hydrogenated over 8.0 g of 5% 

45 palladium on charcoal at room temperature under atmo- 
spheric pressure. After the absorption of two equiva- 
lents of hydrogen, the catalyst in the reaction mixture is 
filtered off and the filtrate is concentrated to dryness 
under reduced pressure. By the procedure, 7.43 g of 

50 a-amino-a-[2-(trichloroethoxycarbonylamino)thiazol- 
4-yl]-acetic acid ethyl ester hydrochloric acid salt is 
obtained (yield, 72%). This product is suspended in 
ethyl acetate and the obtained suspension is washed 
with saturated sodium bicarbonate aq. solution, washed 

55 with water and dried over anhydrous magnesium sul- 
fate. The oily product obtained by the distillation of the 
solvent, is dissolved in 60 ml of N,N-dimethylforma- 
mide and, to the solution is added 4.2 g of tetramethyl- 
guanidine and then 3.94 g of t-butyloxycarbonylazide, 

60 followed by the stirring for 15 hours at room tempera- 
ture. The reaction mixture is poured into water and 
extracted with ethyl acetate. The organic layer is 
washed with 1 N hydrochloric acid and then saturated 
NaCl aq. solution and dried over anhydrous magnesium 

65 sulfate. The oily product obtained by the distillation of 
the solvent is purified by a column chromatography 
packed with silica gel. The procedure gives 4.06 g of 
a-t-butyloxycarbonylamino-a-[2-(trichloroethoxycar- 



Case 1 :06-c\£-01 640-TFH B(«a&«eft 



SI 



bonylamino)thiazol-4-yl]acetic acid ethyl ester (yield, 
46.5%). Melting point: 94° -95° C. 

Analysis-Calcd. for C15H20N3O6SCI3: C, 37.79; H, 
4.23; N, 8.81 Found: C, 37.64; H, 4.28; N, 8.73 

EXAMPLE 65 

To a solution of 2.80 g of a-t-butyloxycar- 
bonylamino-a-[2-(trichloroethoxycarbonylamino)- 
thiazol-4-yl]acetic acid ethyl ester in 60 ml of 90% for- 
mic acid is added 2.80 g of zinc dust under cooling and 
stirring. The mixture is stirred for 1 hour and zinc dust 
is filtered off. The filtrate is poured into water and the 
resultant solution is extracted with ethyl acetate. The 
organic layer is washed with saturated sodium bicar- 
bonate aq. solution and then water, and dried over an- 
hydrous magnesium sulfate. The distillation of the sol- 
vent gives 1.26 g (yield, 71.2%) of a-t-butyloxycar- 
bonylamino-a-(2-aminothiazol-4-yl)acetic acid ethyl 
ester as crystals. Melting point: 143°- 144° C. 

Analysis-Calcd. for C12H19N3O4S: C, 47.83; H, 6.35; 
N, 13.95 Found: C, 47.79; H, 6.27; N, 13.70 
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EXAMPLE 66 
solution of 1 .26 g of a-t-butyloxycar 
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of pyridine. After that, the stirring is continued for 
further 1 hour at room temperature. The reaction solu- 
tion is washed with 0.5 N hydrochloric acid and then 
with water, and dried. The oily product obtained by the 
distillation of the solvent is purified by a column chro- 
matography packed with silica gel. The procedure 
gives 513 mg of 7/Ma-t-butyloxycarbonylamino-a-[2- 
(chloroacetamido)thiazol-4-yl]acetamido}-3-( 1 -methy 1- 
lH-tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic 
acid diphenylmethyl ester. 

To a solution of 407 mg of this product in 40 ml of a 
mixture of tetrahydrofuran and ethanol (1:1) is added 
152 mg of thiourea, and the mixture is stirred for 15 
hours at room temperature. The reaction solution is 
condensed under reduced pressure and the presidue is 
dissolved in ethyl acetate. The ethyl acetate solution is 
washed with water and then dried. The oily product 
obtained by the distillation of the solvent is dissolved in 
5 ml of a mixture of trifluoroacetic acid and anisole 
(10:1), and the solution is stirred for 2 hours at room 
temperature, followed by pouring into 50 ml of ether to 
precipitate a crystalline product. The crystalline prod- 
uct is collected by filtration to give 7^3-[(2-amino- 
thiazol-4-yl)glycylamido]-3-(l-methyMH-tetrazol-5- 



bonylamino-a-(2-aminothiazol-4-yl)acetic acid ethyl 25 ylthiomethyl)3-cephem-4-carboxylic acid trifluoroace- 



esterin 5 ml of N,N-dimethylacetamide is added 708 mg 
of chloroacetyl chloride under stirring. After the stir- 
ring for further 1 hour at room temperature, the reac- 
tion solution is poured into water and extracted with 
ethyl acetate. The organic layer is washed with satu- 30 
rated sodium bicarbonate aq. solution and then water 
and dried over anhydrous magnesium sulfate. The dis- 
tillation of the solvent gives 1.435 g of a-t-butoxycar- 
bonylamino-a-[2-(chloroacetamido)-thiazol-4-yl]acetic 
acid ethyl ester as crystals (yield, 90.8%). Melting point: 35 
192°-193° C. 

Analysis-Calcd. for C14H20CIN3O5S: C, 44.50; H, 
5.34; N, 11.12 Found: C, 44.87; H,5.55; N, 10.94 



EXAMPLE 67 



40 



To a solution of 920 mg of a-t-butyloxycar- 
bonylamino-a-[2-chloroacetamido)thiazol-4-yl]acetic 
acid ethyl ester in 20 ml of ethanol is added 1.4 ml of 
aqueous solution containing 68 1 mg of potassium hy- 
droxide and the mixture is stirred for 15 minutes at room 45 
temperature. The reaction solution is concentrated to 
dryness under reduced pressure and the residue is dis- 
solved in water. The aqueous solution is adjusted to pH 
2.0 with 1 N hydrochloric acid and extracted with ethyl 
acetate. The organic layer is washed with water and 50 
dried over anhydrous magnesium sulfate. The solvent is 
distilled to obtain 690 mg of a-t-butyloxycar- 
bonylamino-a-[2-(chloroacetamino)thiazol-4-yl]acetic 
acid as crystals (yield, 81%). Melting point: 169°-170° 
C.(dec). 

Analysis-Calcd. for C12H16CIN3O5S: C, 41.21; H, 
4.61; N, 12.01 Found: C, 41.40; H, 4.68; N, 11.74 



tic acid salt. This product is dissolved in 5% sodium 
bicarbonate aq. solution and the solution is passed 
through a column of Amberlite XAD-2, followed by 
the elution with water. The procedure gives 103 mg of 
sodium 7/J-[(2-aminothiazol-4-yl)glycylamido]-3-(l- 
methyl-lH-tetrazol-5-ylthiomethyl)-3-cephem-4-car- 
boxylate. This product is identical with the compound 
obtained in Example 47 in all respects. 

EXAMPLE 69 

To a solution of 1 1 g of 2-aminothiazol-4-ylglycine 
ethyl ester in 100 ml of dimethylacetamide is added 
drop wise 17 g of chloroacetyl chloride for 40 minutes 
under ice-cooling and the mixture is stirred at room 
temperature over a night. To the reaction mixture is 
added 200 ml of ice- water and the mixture is extracted 
with ethyl acetate. The organic layer is washed with 
water, dried and concentrated to obtain 14.8 g of 2- 
chloroacetamidothiazol4-yl N-chloroacetylglycine 

ethyl ester as colorless crystals. Melting point: 
102.5°-103.5° C. 

NMR(ppm, 60 MHz, CDCI3): 4.16(2H,S,ClCH 2 CO), 
4.32(2H,S, CICH2CO), 



55 



5.74(lH,d, — CH— COOH), 
NH 

7.14(lH,S,thiazole ring proton). 

EXAMPLE 70 

To a solution of 3.54 g of 2-chloroacetamidothiazol4- 
yl N-chloroacetylglycine ethyl ester in 30 ml of ethanol 
is added dropwise a solution of 1.68 g of potassium 
60 hydroxide in 15 ml of water under ice-cooling, followed 
by the stirring for 15 minutes. Ethanol is distilled under 
reduced pressure and the residue is made acidic with 
10% hydrochloric acid, followed by the extraction with 
ethyl acetate. The ethyl acetate layer is washed with 
under stirring to the solution of 494 mg of 7£-amino-3- 65 water and dried. The distillation of ethyl acetate gives 
(l-methyl-lH-tetrazol-5-ylthiomethyl)-3-cephem-4-car- 2.38 g of 2-chloroacetamidothiazol-4-yl N- 
boxylic acid diphenylmethyl ester dissolved in 5 ml of chloroacetylglycine as colorless crystals. Melting point: 
methylene chloride, followed by the addition of 474 mg 1 84°- 1 86° C. 



EXAMPLE 68 

To a suspension of 349 mg of a-t-butyloxycar- 
bonylamino-a-[2-(chloroacetamido)thiazol-4-yl)acetic 
acid in 5 ml of methylene chloride is added 249 mg of 
phosphorous pentachloride, and the mixture is stirred at 
room temperature. The mixture is added dropwise 
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NMR(ppm, 60 MHz, d 6 -DMSO): 

4.36(2H,S,ClCH 2 CO), 4.58(2H,S, ClCH 2 CO), 



5.66(lH,d, — CH— COO), 

NH 



7.40(lH,S,thiazole ring proton). 

EXAMPLE 71 

To a suspension of 752 mg of 2-chloroacetamido- 
thiazol4-yl N-chloroacetylglycine in 10 ml of methy- 
lene chloride is added 499 mg of phosphorous penta- 
chloride. The mixture is homogenized under stirring at 
room temperature. The homogenized mixture is added 
to a suspension of 600 mg of 7/3-amino-3-(l -methyl- 1H- 
tetrazol-5-ylthiomethyl)-3-cephem4-carboxylic acid 
suspended in 10 ml of dimethylacetamide and the resul- 
tant mixture is stirred for 5 hours at room temperature. 
The reaction mixture is poured into icewater and the 
mixture is made acidic with 10% hydrochloric acid, 
followed by the extraction with ethyl acetate. After 
washed with water and dried, the extract is subjected to 
distillation to give crude product of 7/2-[(2- 
chloroacetamidothiazol-4-yl)-N-chloroacetyl- 
glycylamido)-3-( 1-methyl- 1 H-tetrazol-5-ylthiomethyl)- 
3-cephem-4-carboxylic acid as an oil. The crude prod- 
uct is dissolved in 100 ml of ethanol and to the solution 
is added 456 mg of thiourea, followed by stirring for 15 
hours at room temperature. Ethanol is distilled off 
under reduced pressure and the residue is dissolved in 
5% sodium bicarbonate aq. solution, which is passed 
through a column of Amberlite XAD-2, followed by 
elution with water to obtain 113 mg of sodium 
7/3[(2aminothiazol-4-yl)glycylamido]-3-( 1 -methyl- 1 H- 
tetrazol-5-ylthiomethyl)-3-cephem-4-carboxylic acid. 
This product is identical with the compound obtained in 
Example 47 in all respects. 

EXAMPLE 72 

(1) In 15 ml of N,N-dimethylacetamide is dissolved 
762 mg of 7-aminocephalosporanic acid and, under 
ice-cooling, 931 mg of 2-(2-chloroacetamidothiazol-4- 
yl)-2-methoxyiminoacetyl chloride hydrochloride is 
added. The mixture is stirred under ice-cooling for 15 
minutes and at room temperature for 2 hours. The reac- 
tion mixture is diluted with 10 ml of water and extracted 
with 100 ml portions of ethyl acetate. The extracts are 
pooled, washed with 100 ml of a saturated aqueous 
solution of sodium chloride and dried. The ethyl acetate 
is distilled off to obtain 1 A g of 7-[2^(2- 
chloroacetamidothiazol4-yl)-2-methox- 
yiminoacetamido]-cephalosporanic acid as an oil. 

(2) In 30 ml of tetrahydrofuran is dissolved the entire 
amount of the above product, followed by the addition 
of 500 mg of thiourea and, then, of 895 mg of sodium 
acetate trihydrate. The mixture is stirred at room tem- 
perature for 4 hours. The resultant precipitate is col- 
lected by filtration, washed with ether arid dissolved in 
6 ml of water. The solution is adjusted to pH about 7.0 
with sodium hydrogen carbonate and purified by means 
of column chromatography on Amberlite XAD-2. By 
the above procedure is obtained 78 mg of sodium 7-[2- 
(2-aminothiazol-4-yl)-2-methoxyiminoacetamido]ceph- 
alosporanate as white powder. 

Elemental analysis, for C 1 eH 1 6Ns07S2Na.2. 5H2O 
Calcd. C, 36.78; H, 4.05; N, 13.40 Found C, 36.93; H, 
3.80; N, 12.68 



25 
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NMR spectrum (60 MHz, in D 2 0): 2.07 ppm(3H, 

singlet, COCH3), 3.53 ppm(2H, quartet, 2-CH 2 ), 3.98 

ppm(3H, singlet, =NOCH3), 4.75 ppm(2H, quartet, 

3-CH2), 5.21 ppm(lH, doublet, 6-H), 5.81(1H, doublet, 

5 7-H), 7.01 ppm(lH, singlet, thiazole 5-H) 

EXAMPLE 73 

(1) To a suspension of 55.6 g of 2-(2-chloroacetamido- 
thiazol-4-yl)-2-methoxyiminoacetic acid in 600 ml of 

1° methylene chloride is added 24.3 g of triethylamine to 
obtain a solution. Under ice-cooling and stirring, 41.8 g 
of phosphorus pentachloride is added in two doses to 
the above solution. After 5 minutes the ice-bath is re- 
moved and the mixture is stirred at room temperature 

*' for 20 minutes, after which it is concentrated under 
reduced pressure. To the residue is added 1 1 of hexane, 
followed by decantations (twice). After addition of 600 
ml of anhydrous tetrahydrofuran, the precipitated tri- 
ethylamine hydrochloride is filtered off, whereupon a 
solution of 2-(2-chloroacetamidothiazol-4-yl)-2-methox- 
yimino-acetyl chloride in tetrahydrofuran is obtained. 

On the other hand, to a suspension of 54.7 g of 7- 
amino-3-carbamoyloxymethyl-3-cephem-4-carboxylic 
acid in a mixture of 400 ml water and 400 ml tetrahydro- 
furan is added 61 g of triethylamine under ice-cooling to 
prepare a homogeneous solution. Under ice-cooling, the 
previously prepared acid chloride solution is added 
dropwise to the above solution over a period of 30 

30 minutes. The mixture is stirred at room temperature for 
2 hours, after which a saturated aqueous solution of 
sodium chloride is added. The mixture is adjusted to pH 
about 2 with dilute hydrochloric acid and extracted 
with ethyl acetate. The ethyl acetate layer is washed 

3 5 with a saturated aqueous solution of sodium chloride, 
dried over magnesium sulfate and concentrated to ob- 
tain 97.3 g of 7-[2-(2-chloroacetamidothiazol-4-yl)-2- 
methoxyimmoacetamido]-3-carbamoyloxymethyl-3- 
cephem-4-carboxylic acid. 

40 NMR spectrum (60 MHz, in d 6 -DMSO): 3.56 
ppm(2H, broad singlet, 2-CH2), 3.93 ppm(3H, singlet, 
OCH3), 4.35 ppm (2H, singlet, ClCH 2 CO), 4.78 
ppm(2H, quartet, 3-CH2), 5.19 ppm(lH, doublet, 6-H), 
5.84 ppm(lH, doublet x 2, 7-H), 6.56 ppm(2H, singlet, 

45 OCONH2), 7.46 ppm(lH, singlet, thiazole 5-H) 

(2) 97.3 g of the product prepared as above (1) is 
dissolved in 500 ml of N,N-dimethylacetamide and, 
under ice-cooling, to the solution is added 31.2 g of 
thiourea. The mixture is stirred at room temperature for 

50 15 hours. To this reaction mixture is added 2 1 of ether 
and then, the oily product is separated. A suspension of 
this oily product in 300 ml of water is adjusted to pH 7.0 
with sodium hydrogen carbonate. Thus obtained solu- 
tion is passed through a column packed with Amberlite 
55 XAD-2. By this purification procedure is obtained 20.2 
g of sodium 7-[2-(2-aminothiazol-4-yl)-2-methoxyimino- 
acetamido]3-carbamoyloxymethyl-3-cephem-4-car- 
boxylate as white powders. 

Elemental analysis, for Ci5Hi5N607S2Na.3H20 

60 Calcd. C, 33,.84; H, 3.98; N, 15.78 Found C, 33.94; H, 

3.82; N, 15.42 NMR spectrum (60 MHz, in D 2 0): 3.47 

ppm(2H, quartet, 2-CH2), 3.92 ppm(3H, singlet, 

~NOCH 3 ), 4.68 ppm (2H, quartet, -CH2OCONH2), 

5.27 ppm(lH, doublet, 6-H), 5.72 ppm (1H, doublet, 

65 7-H), 6.95 ppm(lH, singlet, thiazole 5-H) 

What we claims is: 

1. A member selected from the group consisting of 
(a) a cephem compound of the formula 
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wherein R 2 represents amino, hydroxy or the group 
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wherein R 5 is hydroxyl or lower alkoxy, R 3 represents 
hydrogen or methoxy and R 6 represents acetoxy, 

(b) a pharmaceutically acceptable salt thereof, and 

(c) a pharmaceutically acceptable ester of the 4-posi- 
5 tion carboxyl group selected from the group con- 
sisting of alkoxymethyl, a-alkoxyethyl, a-alkoxy- 
a-substituted methyl, alkylthiomethyl, pivaloy- 
loxymetjyl and a-acetoxybutyl esters. 

7. A cephem compound according to claim 1 which is 
10 7/3-(2-aminothiazol-4-ylglycylamido) cephalosporanic 

acid. 

8. A cephem compound according to claim 1 which is 
7a-methoxy-7/3-[a-nydroxy-a-(2-aminothiazol-4- 
yl)acetamido]desacetoxycephalosporanic acid. 

15 9. A pharmaceutical composition which contains a 
medicinally effective amount of a member of the group 
consisting of 

(a) a cephem compound of the formula 



20 



H 2 N 



wherein R 5 is hydroxy or lower alkoxy, R 3 represents 
hydrogen or methoxy, and R 4 represents hydrogen or 
acetoxy, 

(b) a pharmaceutically acceptable salt thereof, and 25 

(c) a pharmaceutically acceptable ester of the 4-posi- 
tion carboxy group selected from the group con- 
sisting of alkoxymethyl, a-alkoxyethyl, a-alkoxy^ 
a-substituted methyl, alkylthiomethyl, pivaloylox- 
ymethyl and a-acetoxybutyl esters, 

2. A compound according to claim 1 wherein R 3 is 
hydrogen. 

3. A compound according to claim 1 wherein R 2 is 
hydroxy and R 3 is hydrogen. is 

4. A compound according to claim 1 wherein R 2 is 
amino and R 3 is hydrogen. 

5. A compound according to claim 1 wherein the 
group 




CH 2 R 4 



COOH 



wherein R 2 represents amino, hydroxyl, or the group 



— CH— 

1* 



represents a group of the formula 



c— 

NR 5 



— CH— 

1. 



is 



— C— 

NR 5 



wherein R 5 represents hydroxy or lower alkoxy. 
6, A member selected from the group consisting of 
(a) a cephem compound of the formula 



h 2 n s 
T 



H 



N 



■CHCONH- 



1 



Mt 



r 




COOH 



40 wherein R 5 is hydroxy or lower alkoxy, R 3 represents 
hydrogen or methoxy, R 4 represents hydrogen or ace- 
toxy, 

(b) a pharmaceutically acceptable salt thereof, and 

(c) a pharmaceutically acceptable ester of the 4-posi- 
45 tion carboxyl group selected from the group con- 
sisting of alkoxymethyl, a-alkoxyethyl, a-alkoxy- 
a-substituted methyl, alkylthiomethyl, pivaloylox- 
y methyl and a-acetoxybutyl esters together with at 
least one pharmaceutically acceptable carrier, said 

50 composition beign administrable in a dosage unit 

form. 
10. The compound 7/3-[a-methoxyimino-a-(2-amino- 
thiazol4-yl)acetamido]cephalosporanic acid or a phar- 
CH2R 6 maceutically acceptable salt thereof. 

55 11. The sodium salt of the compound of claim 10. 
12. A compound of the formula: 



wherein R 2 represents amino, hydroxyl or the group 



— CH— 

A* 



represents a group of the formula 



— c— 

NR 5 
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65 



wherein 

R* is amino or /3,/3,/^trichloroethoxycarbonylamino; 
and 
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R 5 is hydroxy or lower alkoxy 



or a pharmaceutically acceptable salt thereof. 




CH 2 R 4 



COOH 



13. A compound of claim 12, wherein R* is amino. 10 wherein r4 is hydrogen or acetoxy; R5 is hydroxyl or 

lower alkoxy; R 9 is amino or hydroxyl; and R 11 is hy- 
drogen or methoxy, or a pharmaceutically acceptable 
salt thereof. 

14. A compound of claim 13, wherein R 5 is methoxy 16. A compound of claim 15, wherein R 5 is lower 

* 5 alkoxy. 

17. A compound of claim 16, wherein R 11 is hydro- 



or ethoxy. 



15. A compound of the formula: 



18. A compound of claim 17, wherein R 9 is amino. 

19. A compound of claim 18, wherein R 4 is hydrogen. 
20 20. A compound of claim 18, wherein R 4 is acetoxy. 

$ $ $ $ $ 
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4,298,606 
November 3, 1981 



OCHIAI ET AL 

It is certified that error appears in the above— identified patent and that said Letters Patent 
is hereby corrected as shown below: 

Kindly change the formula (first) in claim 6 

to read as follows: 
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CHCONH 
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COOH 
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